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(57) ABSTRACT

The invention provides a method and system for analyzing a
gas for the presence of a reactant compound via reaction of
primary ions of a specific type. A source gas is introduced to
areaction chamber and ionized in this chamber. The pressure
in the reaction chamber is adjusted to avoid the formation of
protonated species and other impurities. The primary ions
generated in the reaction chamber are transferred to a drift
tube. The gas to be analyzed is diluted with a carrier gas and
the resulting mixture is introduced into the drift tube. The
ionization energy of the carrier gas is equal to or higher than
the ionization energy of the primary ions. The product ions
resulting in the drift tube from a reaction of the primary ions
with the reactant present in the gas to be analyzed are then
detected, for example using a mass spectrometer. Preferably,
an existing PTR-MS setup is used to perform the method of
the present invention.

8 Claims, 2 Drawing Sheets
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IONISATION METHOD FOR A UNIVERSAL
GAS ANALYZER

This Patent Application is a US National Phase Patent
Application from PCT Application No. PCT/EP2011/
0064170, filed Aug. 17, 2011 and claiming priority from EP
Patent Application No. 10173224.6 filed Aug. 18, 2010.

FIELD OF THE INVENTION

The present invention relates to a method for analyzing a
gas for detecting the presence of a reactant compound with
help of ions of a specific type, in particular using proton-
transfer-reaction mass spectrometry (PTR-MS).

BACKGROUND TO THE INVENTION

In PTR-MS, as described, for example, in DE-A-195 49
144, a highly pure ion current which is substantially com-
prised of H;O" ions is used for a chemical reaction with
certain constituents of a sample gas through proton transfer
reactions, in order to analyze subsequently the ions formed in
the sample gas by means of mass spectrometry. To provide the
ion current, H,O vapour is ionized in a first ionization region
(via a hollow cathode discharge), thereby forming various
ions, such as O*, OH", H*, H,", etc. Using a weak electric
field, these ions are transferred to a second region. In the
second region, the ions react with H,O present mainly
through the following reactions:

H, +H,0—1L,0%+H,
H +IL,0—H,0%+H

O*+H,0—~H,0"+O
and finally
H,0"+H,0—~H,0.H"+OH

The reactions in the two regions thus finally lead predomi-
nantly to the production of H;O" ions. In order to avoid
H,0".(H,0), cluster ions, that may be formed through asso-
ciation reactions in successive collisions with neutral colli-
sion partners, the ions may be guided through an appropriate
electric field that ensures that these cluster ions have sufficient
kinetic energy so that the collisions are primarily dissociative.
A drift tube may be used to apply the necessary energy to the
clusters. In this way, a highly pure stream of H;O" ions is
achieved. Further means may be applied to decrease the
amount of these cluster ions.

Also other ions may be produced using this method. For
example, A. Jordan et al. demonstrated in Int. J. Mass. Spec.
286 (2009) 32-38 that a similar, slightly modified setup may
also be used to generate highly pure NO* and O,* ions,
respectively. In EP-A-1 566 829, some additional examples
for possible reacting ions are given. With regard to the prior
art, reference is further made to WO 2009/048739 A2 and
U.S. 2007/102634 Al.

In order to analyze a sample gas by reaction with the
primary ions, e.g. H;O" ions, the sample gas is introduced
into a drift tube reactor. For example, the drift tube may be
connected to the outside for analyzing the surrounding air.
Also, the drift tube may include an input port for introducing
a sample gas into this drift tube. In the drift tube, depending
onthe type of primary ions used, either proton transfer, charge
transfer or association reactions take place. However, no mat-
ter which type of primary ion is utilized, it is absolutely
necessary that the primary ions only interact with the sub-
stances that are to be detected which are present in small
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traces compared to the carrier gas in the drift tube. For
example, in case H;O" is used, where a proton transfer only
takes place for molecules having a higher proton affinity than
water, the common constituents of air (N,, O,, CO, CO,, etc.
with proton affinities lower than that of water) do not react
with the primary ions. In this way, only the small amounts of
impurities (having proton affinities higher than that of water)
in the air will undergo proton transfer. This is also true for
every other protonated primary ion having a higher proton
affinity than common air compounds. In case charge transfer
ionization is used, the ionization energy of the primary ion has
to be lower than the ionization energy for common air com-
pounds, if this is used as sample gas to be analyzed.

The product ions that are formed either via proton, via
charge transfer or other ion molecule reactions can be ana-
lyzed by any type of mass spectrometer, for example those
using quadrupoles or time-of-flight analyzers.

However, due to the limitations referred to above, it is not
possible to use primary ions in a PTR-MS setup that allow to
ionize (and thus detect) for instance substances with proper-
ties (proton affinities, ionization energies) similar to common
air compounds. If, for example, a primary ion is used that
would allow to chemically ionize N,, the majority of primary
ions would react with this dominating compound of air and
insufficient reagent ions would be available for the trace
compounds, i.e. the reactant that is to be analyzed. As a
consequence, important substance classes in common air, for
example many traffic exhaust products like CO, NO_, etc.,
cannot be analyzed in a conventional PTR-MS setup.

There is therefore a need to provide a method and system
capable for universal gas analysis. In particular, it would be
desirable to provide a method that is capable for universal gas
analysis in a PTR-MS setup, in particular without the limita-
tion for molecules to be analyzed having a higher proton
affinity (for proton transfer) or lower ionization energy (for
charge transfer) than common air compounds.

SUMMARY OF THE INVENTION

The present invention therefore provides a method and
system for analyzing a gas for the presence of a reactant
compound via reaction of primary ions of a specific type, as
defined according to the claims. According to the method of
the present invention, a source gas, preferably but not limited
to noble gases, in particular Kr, Xe, Ne, Ar, He, is introduced
to and ionized in a reaction chamber (e.g. a hollow cathode
discharge). The source gas is introduced to the reaction cham-
ber with a flow rate that generally depends on the individual
setup and is typically between 0.5 and 10 scem (“standard
cubic centimeters per minute”, i.e. cm®/min at standard con-
ditions). The pressure in the reaction chamber is adjusted to
avoid the formation of protonated species (due to reactions
with background impurities) and other minor secondary ions.
The pressure in the reaction chamber may, for example, be
between 0.4 and 1 hPa. The primary ions generated in the
reaction chamber are then transferred to a drift tube. The gas
that is to be analyzed is introduced into the drift tube, wherein
this gas (to be analyzed) is diluted with a carrier gas prior to
the supply to the drift tube. The ionization energy of the
carrier gas has to be higher than the ionization energy of the
primary ions. As an exception to this rule it is possible to use
the source gas that has been used for generating the primary
ions as the carrier gas (i.e. the ionization energies are equal).
The dilution rate of the gas to be analyzed with the carrier gas
depends on the primary ion yield and the setup, and may be
between 1:5 to 1:1000. The product ions resulting from a
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reaction of the primary ions with the reactant present in the
gas to be analyzed are then detected, for example using a mass
spectrometer.

An existing PTR-MS setup may be used to perform the
method of the present invention. Specifically, the two ioniza-
tion chambers present in a PTR-MS setup may be used to
ionize the source gas as follows. The source gas is introduced
to the first ionization chamber of the PTR-MS setup wherein
the source gas is ionized. The ionized gas is then transferred
to the second ionization chamber of the PTR-MS setup.
Adjusting the pressure to avoid the formation of e.g. proto-
nated species is primarily performed in the second ionization
chamber. This may be achieved by opening a valve situated
between the second ionization chamber and the pumping
system which may be installed in a known PTR-MS setup.
Accordingly, the first and second ionization chambers of the
known PTR-MS setup may be used in combination to per-
form the steps of introducing and ionizing the source gas, and
adjusting the pressure according to the method of the present
invention.

The invention further provides a device for analyzing a gas
for the presence of a reactant using the method of the present
invention. The device comprises a reaction chamber con-
nected to a drift tube. The reaction chamber comprises an inlet
for introducing a source gas, means for ionizing the source
gas, for example, a plasma reactor, and means for adjusting
the pressure in the reaction chamber. The drift tube includes
aninlet for introducing a mixture of the gas to be analyzed and
a carrier gas. The device may include mixing means for
diluting the gas to be analyzed with the carrier gas. Further-
more, the device comprises detection means, for example a
mass spectrometer, connected to the output of the drift tube.

With the method and the system of the present invention, it
is possibleto additionally analyze substances having a similar
or lower proton affinity and/or a similar or higher ionization
energy than common air compounds. The method of the
present invention may advantageously be performed in exist-
ing PTR-MS setups.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be described in more detail with
reference to the Figures, wherein

FIG. 1 schematically illustrates a device according to an
embodiment of the present invention and

FIG. 2 shows the result of a measurement of SO, diluted
with argon carrier gas and using Kr* ions as ionizing species.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 schematically shows a device that is adapted to
perform the analysis method according to an embodiment of
the present invention. The device shown in FIG. 1 is similar to
a known PTR-MS setup and comprises a first ionization
chamber A, a second ionization chamber B and a drift tube C.
Source gas is introduced through input port 1 to the first
ionization chamber A. For example, a gas cylinder containing
the substance to be used as primary ions may be connected at
port 1. Possible gases are preferably, but not limited to, noble
gases, for example, Kr, Xe, Ne, Ar, He, etc. Gas flow rates are
strongly depending on the individual setup but are typically
between 0.5 and 10 sccm. Inionization chamber A, the source
gas is ionized using suitable means (not shown). For example,
a plasma reactor may be arranged in chamber A, e.g. the
burning plasma of a hollow cathode discharge partially ion-
izing the source gas.
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The ions generated in the first ionization chamber A are
then transferred to the second ionization chamber B. In a
previously known PTR-MS method, the pressure in the sec-
ond ionization chamber B must be high enough to ensure a
sufficient number of collisions between the compounds com-
ing from the first ionization chamber A. This is particularly
important for a highly pure primary ion yield of protonated
water ions, that is achieved as explained above in conjunction
with the prior art.

In contrast thereto, the pressure in the second ionization
chamber B according to the present invention is strongly
reduced to limit the number of collisions when using non-
protonated primary ions (e.g. Kr*, Xe*, Ne*, Ar*, He™, etc.),
to avoid the formation of a protonated species (e.g. KrH*)
originating from reactions with impurities or the production
of dimer ions (e.g. Kr,*). This may be achieved by increasing
the pumping speed at the end of the second ionization cham-
ber B, i.e. at the orifice (pumped ring) 2 connecting the second
ionization chamber and the drift tube C, to a level where
collisions are reduced and the pressure is still high enough to
suppress or at least keep low back flow of gas from drift tube
C. This can be achieved, for example, by installing a pumping
line and valve between the pumping system and the orifice 2
or using a valve which already is installed in some existing
PTR-MS setups. When using the PTR-MS device in the
known proton-transfer-mode according to the prior art, the
valve must be nearly closed. In contrast thereto, the valve
should be almost opened in the charge-transfer-mode used
according to the present invention.

In the description above, the use of an existing PTR-MS
setup was exemplary shown with reference to FIG. 1. How-
ever, also a modified setup may be used. For example, it is
possible to perform the steps of introducing and ionizing the
source gas and adjusting the pressure in only one ionization
chamber that is directly connected to the drift tube.

For the type of primary ions that are preferably used
according to the present invention, the sample air that has to
be analyzed must not be introduced directly into the drift tube,
but has to be diluted with some carrier gas (e.g. N,, Ar, He,
etc. or the same gas as it is used for generating the primary
ions) prior to introduction. It is very important that the carrier
gas possesses a higher ionization energy than the primary ion
or that the same gas is used for source and carrier gas. The
dilution rate depends on the primary ion yield and the setup,
and can be, but is not limited to, a rate of 1:5 up to 1:1000.
FIG. 1 shows an inlet 4 for the carrier gas and an inlet 5 for the
gas to be analyzed. Mixing means 3 are provided at the inlet
to the drift tube to perform the dilution. Alternatively, the
dilution may already be done in a container holding the
sample, for example, gas cylinders with trace compounds
mixed in a gas having a higher ionization energy than the
primary ion.

The product ions resulting in the drift tube from the reac-
tion of the primary ions with the reactant present in the gas to
be analyzed are then fed via an opening 6 to a detector, e.g. a
mass spectrometer (not shown) for detecting the presence and
the amount of said product ions.

With this setup, all primary ions up to the ionization energy
of He (24.59 eV) can be utilized when using the appropriate
carrier gas and therefore nearly all existing molecules can be
ionized by charge transfer. In particular, by diluting the gas to
be analyzed with a carrier gas, it is possible to also use
primary ions that have an ionization energy higher than the
ionization energy of common air compounds, in particular
N,. That is, the present invention dramatically increases the
possible fields of application of a PTR-MS instrument, while
preserving the specific advantages of this method.
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FIG. 2 illustrates example measurements performed with
the method according to the present invention. In the example
shown in FIG. 2, SO, having an ionization energy of 12.3 eV
was measured using Kr" ions as primary ions that have an
ionization energy of 14 eV. Ar was used as a carrier gas. The
sample gas consisted of 975 ppbv SO, in N, (ionization
energy 15.59 eV) and was diluted with Ar (ionization energy
15.76 eV} i.e. ionization energies of Ar and N, are higher than
that of Kr) to the stated amounts. FIG. 2 shows the results of
SO, molecules detected at mass 64 m/z and its isotope at mass
66 m/z which is present in the natural ratio of 5%. In the
exemplary measurement shown in FIG. 2, the Kr flow rate to
the first ionization chamber was 1 sccm, while the pressure in
the second ionization chamber was 0.6 hPa. Moreover, it can
be seen that the ion yield measured for different concentra-
tions of the reactant compound in the sample gas is (as in case
of'ordinary PTR-MS usage) linearly depending on these con-
centrations; this allows simple absolute calibrations for the
whole range of concentrations.

The invention claimed is:

1. Method for analyzing a gas for the presence of a reactant
compound by reaction with primary ions of a specific type,
the method comprising the steps of

(a) introducing a source gas to a reaction chamber and

ionizing the source gas to yield primary ions, wherein
the pressure in the reaction chamber is adjusted to avoid
the formation of protonated species and other parasitic
ions;

(b) transferring the primary ions to a drift tube;

(c) diluting the gas to be analyzed with a carrier gas and

introducing the diluted gas into the drift tube, wherein
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the ionization energy of the carrier gas is equal to or
higher than the ionization energy of the primary ions;
and

(d) detecting the presence of product ions resulting from a
reaction of the primary ions with the reactant.

2. Method according to claim 1 wherein the primary ions
are noble gas ions selected from the group consisting of Kr™*,
Xe*, Ne*, Ar*, and He*.

3. Method according to claim 1, wherein the flow rate of the
source gas to the reaction chamber is between 0.5 and 10
scem.

4. Method according to claim 1, wherein the pressure in the
reaction chamber is between 0.4 and 1 hPa.

5. Method according to claim 1, wherein the reaction
chamber comprises a first and a second ionization chamber
(A, B), wherein step (a) comprises the steps of

(al) introducing the source gas to the first ionization cham-
ber (A) and ionizing the source gas;

(a2) transferring the ionized source gas to the second ion-
ization chamber (B), wherein the pressure in the second
ionization chamber (B) is adjusted to avoid the forma-
tion of a protonated species and other parasitic ions.

6. Method according to claim 1, wherein the source gas that
has been used for generating the primary ions is also used as
the carrier gas.

7. Method according to claim 1, wherein the dilution rate of
the gas to be analyzed and the carrier gas is between 1:5 and
1:1000.

8. Method according to claim 1, wherein the step of dilut-
ing comprises a step of mixing the gas to be analyzed with the
carrier gas.



